Objectives. The aim of the study was to evaluate early and mid-term results of surgical repair of isolated iliac artery aneurysm (IAA) in patients with non aneurysmal abdominal aorta. Methods. From January 1996 to December 2006, 34 patients with IAA had elective surgery. In 32 cases open repair was performed. Two patients had endovascular repair using a tube endoprosthesis and internal iliac artery coil embolization. The diameters of the abdominal aorta and iliac arteries were measured preoperatively and during follow-up. Early and late results in terms of mortality, major morbidity, reinterventions and graft-related complications were recorded. Mean pre and postoperative diameters of abdominal aorta were compared. Results. The site of the IAA was the common iliac artery in 29 cases (10 bilateral), internal iliac artery in 4 cases and external iliac artery in 1 case. Preoperative mean abdominal aortic diameter was 22.2 mm (SD 7.6). There were no perioperative deaths and two major complications (retroperitoneal bleeding and limb ischemia) occurred. At the median follow-up time of 24 months survival was estimated as 91%. No reinterventions, graft thrombosis and graft related complications occurred. There were no cases of abdominal aorta aneurysm development. Mean aortic diameter at the most recent imaging was 23.1 mm, which was not significantly different from preoperative values ( p ¼ 0.2). Conclusions. Surgical treatment of IAAs provides good early and mid-term results. During mid-term follow-up the diameter of abdominal aorta remains stable, suggesting IAA may be a localized aneurysmal disease. Ó
Introduction
Isolated iliac artery aneurysm (IAA) is a relatively uncommon disease, accounting for approximately 0.4% to 1.9% of all arterial aneurysms. 1 Mainly because of their rarity, the natural history and strategies of management of IAA are much less studied than corresponding features concerning abdominal aortic aneurysms (AAAs). 2 Surgical treatment of isolated IAAs includes open and endovascular repair, however, there is no firm consensus regarding the optimal surgical approach. When open repair is performed, it is unclear whether to limit the intervention to the affected iliac artery or to simultaneously replace the infrarenal aortic segment. 3 Some recent studies 4, 5 have demonstrated that, in patients undergoing tube graft repair for AAA, the risk of developing an iliac aneurysm during follow-up is substantial and related to the initial diameter of iliac vessels. There are very few data 3 concerning the behaviour of abdominal aorta in patients who had surgical treatment limited to the affected iliac artery.
The aim of this study was to evaluate early and mid-term results of surgical treatment of isolated IAA in our 11-year experience and to evaluate the change in diameter of unrepaired abdominal aorta during follow-up.
Materials and Methods

Selection of patients
From January 1996 to December 2006, 1609 open and endovascular interventions for aorto-iliac aneurysms were performed at our Institution. Data concerning all these interventions were prospectively collected in a specific database. A post-hoc analysis of this database was performed in order to identify all the patients operated on for isolated IAAs and 103 patients were selected. From this group we excluded patients with iliac pseudoaneurysms following AAA repair with bifurcated grafts (20 patients), patients who developed a true iliac aneurysm following AAA repair with tube and bifurcated grafts (14 patients) and patients with IAA and ectatic (>35 mm) abdominal aorta who underwent bifurcated graft placement (30 patients). As a consequence, 39 patients with true isolated IAA and untreated abdominal aorta were identified. In 32 patients open surgical repair was performed and the remaining 7 patients were treated with endovascular repair. In two cases endovascular repair was with a tube endograft and in 5 cases with bifurcated endografting. The later five cases were excluded from our study, which finally included 34 patients.
All the hospital charts of these patients were revised and from our database pre-, intra-and postoperative features were analysed. Preoperative variables included demographic data, risk factors, comorbidities, clinical and anatomical features. Among risk factors and comorbidities, arterial hypertension (defined as pressure values higher than 130/80 mmHg or the need for anti-hypertensive drugs), diabetes mellitus (defined as the need for specific drugs), hyperlipidemia (defined as triglycerides and cholesterol values > 200 mg/dl), coronary artery disease (history of acute myocardial infarction, angina, previous coronary revascularization), chronic renal failure (defined as serum creatinine > 2 mg/dl), carotid artery disease (previous carotid revascularization, carotid stenosis > 30%) and peripheral arterial disease (ankle/brachial index < 0.9) were considered. Intraoperative data collected included surgical approach, kind of reconstruction, materials and associated procedures. Postoperative data included clinical events and anatomical assessment in the perioperative period and during follow-up.
No medical ethics approval was necessary for this study because all the patients underwent only the routine pre and postoperative assessment of surgical intervention for aorto-iliac aneurysmal disease.
Preoperative assessment
Duplex ultrasound examination (DUS) and computed tomography angiography (CT) were performed in all the patients. Indication for surgical treatment was the presence of an asymptomatic IAA with a maximum diameter larger than 3 cm or the presence of a symptomatic aneurysm regardless of the diameter. All the diagnostic images collected were reviewed by a single physician, who was validated and accredited by the Italian Society for Vascular Investigations. The physician measured maximum diameters of abdominal aorta and iliac arteries. Maximum diameters of abdominal aorta and iliac arteries were defined as the largest A-P diameter obtained after the analysis of every slice at CT examination. For DUS measurements, the protocol suggested by the Tromso Study was used. 6 
Surgical technique
Open surgical repair consisted of aneurysm resection in patients with unilateral lesions via a retroperitoneal approach; patients with bilateral aneurysms had a transperitoneal approach and were treated with bilateral tube grafting. A routine policy of preservation of internal iliac artery flow was adopted in patients with contralateral internal iliac artery occlusion and in patients with bilateral lesions. In patients with bilateral interventions, a sequential cross-clamping of both common iliac arteries was performed whenever possible.
The feasibility of endovascular repair was assessed in all our patients starting from 2000. Selection criteria included the presence of a proximal neck longer than 1.5 cm. 7 In patients with short distal common iliac artery necks the external iliac artery was used as the landing vessel and internal iliac artery coil embolization was performed.
Perioperative results (<30 days) were analysed in terms of mortality, major complications and graft related complications. Major complications were defined as surgery-related complications requiring reintervention or a longer hospital stay. Graft related complications included thrombosis and bleeding at the anastomotic site. All the patients were postoperatively treated with antiplatelets drugs. Antihypertensive drugs, statins and other cardiovascular medications were prescribed on the basis of patients' comorbidities.
Follow-up
The follow-up program consisted of DUS at 1 month and yearly thereafter in patients who underwent open repair. Patients treated with endovascular repair underwent DUS and CT at 1 month, DUS every six months and CT yearly thereafter. DUS were performed by the same operator at our validated vascular laboratory, following the Guidelines of the Italian Society for Vascular Investigations. The diameter of abdominal aorta, contralateral iliac artery and external iliac arteries was assessed.
Statistics
Late results in terms of survival, graft thrombosis, graftrelated complications (infection, dilatation, anastomotic pseudo-aneurysm) and reinterventions rate were estimated by the KaplaneMeyer method. The diameter of the untreated abdominal aorta and contralateral iliac arteries in unilateral lesions were measured at each follow-up and the values obtained in the most recent postoperative scan were compared with DUS preoperative values (T test for coupled values, 95% CI).
Results
Clinical and anatomical features
Patients were predominantly males (32 cases, 94%), with a mean age of 72 years (range 61e85). Demographic data and comorbidities are listed in Table 1 . In 6 patients another aneurysm was present (femoropopliteal in three cases, renal artery, superior mesenteric artery and middle cerebral artery in one case, respectively). All but two patients were asymptomatic and aneurysms were discovered during diagnostic examination performed for unrelated causes. In two cases lumbar pain due to compression of the ureter from a large aneurysm was present. The site of IAA was the common iliac artery in 29 cases (10 bilateral), internal iliac artery in 4 cases and external iliac artery in 1 case. Three patients with common IAA had also associated internal iliac artery aneurysms.
The mean preoperative diameters of involved vessels are reported in Table 2 . In patients operated on for unilateral common IAA, mean preoperative diameter of the contralateral common iliac artery was 15.3 mm AE 4.3. In the 5 patients operated on for isolated internal and external iliac artery lesions, the mean diameters of common iliac arteries were 11.2 and 10.8 mm, respectively.
Mean preoperative diameter of the abdominal aorta was 22.2 mm AE 7.5 (range 12e34 mm), with a normal distribution of the values. All the interventions were electively performed.
Surgical techniques
Open surgical repair consisted of aneurysm resection with inlay tube grafting in 27 cases. In 10 of these patients bilateral intervention was performed. In two cases of unilateral intervention a common iliac artery to internal iliac artery tube grafting with reimplantation of external iliac artery on the graft was performed. One patient had the reimplantation of the internal iliac artery on the common iliac artery tube graft. Three patients with isolated internal IAA had an internal iliac artery tube graft. Among patients with bilateral intervention, one patient underwent common iliac artery to internal iliac artery tube grafting with reimplantation of external iliac artery on the graft at one of the affected sides. In two cases a unilateral bypass between the tube graft and internal iliac artery was performed. Four patients (three common iliac and one external iliac artery aneurysms) had aneurysm resection with end-to-end anastomosis. In one case endarterectomy of the iliac bifurcation was required. One patient with a giant aneurysm (11 cm diameter) of the left internal iliac artery underwent obliterative endoaneurysmorraphy 8 with proximal and distal ligature of the internal iliac artery. In the open surgery group four associated interventions were performed. In the two patients with ureter compression, ureterolysis was performed and in one case a ureter pig-tail catheter was placed. In the patient with a superior mesenteric artery aneurysm, the lesion was resected and an inlay tube graft was placed. One patient underwent cholecystectomy.
In two patients endovascular treatment was performed with a tube endograft. In both cases the external iliac artery was used as a landing vessel and coil embolization of the internal iliac artery was performed.
In our series there were no perioperative deaths and two major complications occurred. In one patient with bilateral IAA which were treated with tube grafts, reoperation was required on the 2nd The Fate of Abdominal Aorta in Patients Operated on for Isolated IAA seems to be Benign postoperative day because of a subacute retroperitoneal bleed. A further patient, who had undergone a right common IAA resection, developed an acute right leg ischemia on the 1st postoperative day. This problem was successfully treated with femoropopliteal thrombectomy. In three cases postoperative pneumonia occurred.
Follow-up
Follow-up data were obtained in 30 out of 34 patients (89%); median duration of follow-up was 24 months (mean 36.4 months, range 0e120, SD 31.3). During follow-up four deaths occurred, in all the cases unrelated to surgical intervention. Estimated 24-and 60-month survival rates were 91% and 82.7%, respectively (Fig. 1) . No reinterventions, graft thrombosis and graft related complications occurred. One patient developed critical limb ischemia 12 months after IAA repair and underwent successful below-knee femoropopliteal bypass. In patients operated on for unilateral IAA, no late contralateral iliac artery aneurysm developed.
There were no cases of abdominal aorta aneurysm development. Pre-and postoperative abdominal aorta diameters in these thirty patients demonstrated a slight increase in aortic size, which was not statistically significant (21.8 mm vs. 23.1 mm, range of postoperative aortic diameter 15e34 mm; p ¼ 0.187, 95% CI À3.2/0.6). The mean increasing in postoperative diameter of the abdominal aorta was 2.7 mm AE 2.5. In five patients a >5 mm aortic diameter increasing was recorded and aortic diameter never became >35 mm. The time intervals during which measurements were recorded in the five patients with a >5 mm increase in aortic diameter were 30, 60 (2 patients), 72 and 120 months, respectively.
Discussion
Isolated IAA is a rare disease, with an estimated incidence in the general population of about 0.03%. 9 In part because of its rarity, little information is available concerning natural history and indications for treatment of isolated IAA. Rupture of isolated IAA is reported, 10, 11 particularly when maximum diameter exceeds 3e3.5 cm, which, at the moment, is generally accepted as the threshold value for suggesting treatment. 12 Open surgical repair remains the standard treatment option, providing excellent results particularly in elective interventions. 1 Recently endovascular techniques have been used to treat these lesions and have been described to be safe and effective in the short-and mid-term period 6 and to provide satisfactory rates of aneurysm exclusion. 13, 14 There are few reports of the fate of the untreated abdominal aorta in patients operated on for isolated IAA. Kasirajan and colleagues 3 reported seven cases of patients operated on for isolated IAA who did not undergo aortic replacement at the time of their original operation. Two of these patients subsequently developed infrarenal aortic aneurysms for which reoperation was necessary during follow-up. However, the initial diameters of abdominal aorta and their modifications during follow-up were not accurately reported.
Data from our study suggests that a surgical approach limited to the isolated IAA in the presence of a non-aneurysmal abdominal aorta can be supported. We had no cases of significant increase of the diameter of abdominal aorta at mid-term followup and an increase of aortic diameter of more than 5 mm occurred in less than 15% of the patients, which probably represents a subgroup needing further and longer follow-up.
In our opinion, the avoidance of an adjunctive aortic replacement offers some advantages. In the presence of unilateral aneurysm it is possible to perform a retroperitoneal approach, limiting the size of surgical exposure, reducing the risk of cardiac and pulmonary complications and making postoperative recovery faster and safer. 15 In the case of bilateral aneurysms, transperitoneal bilateral iliac tube grafting can be safely performed without the need for an infrarenal aortic cross clamp. This approach also avoids a proximal aortic anastomosis. Aortic anastomosis complications (proximal pseudoaneurysm, infrarenal aortic graft thrombosis) are reported to be approximately 7% in some series. 16 Moreover, this surgical strategy allows preservation of lumbar arteries and inferior mesenteric artery, reducing the risk of postoperative colonic ischemic. Finally, this technique makes it possible to avoid bilateral lower limb ischemia during aortic cross clamp.
This study has some limitations. It is a post-hoc analysis with an heterogeneous study population and a mid term-follow-up. Moreover, we had no control group, which should include patients with initial ectatic aorta with a diameter ranging between 35 and 45 mm. These patients would be expected to have a faster and higher rate of aortic diameter increasing. Another possible bias of this study derives from having used DUS during follow-up in all but two patients. DUS underestimate aortic diameters in comparison with CT. 6 In a recent study 17 DUS in a validated diagnostic laboratory provided similar results for aortic measurement to those obtained with CT.
